1. Introduction {#sec1}
===============

Natural products and their derivatives (including antibiotics) represent more than 50% of all drugs in clinical use in the world. According to World Health Organization estimates, about 80 percent of people living in developing countries rely on harvested wild plants for some part of their primary health care \[[@B1]\]. There are several reports on the antimicrobial activity of different herbal extracts in different regions of the world \[[@B2], [@B3]\]. Due to the side effects and the resistance that pathogenic microorganisms have developed against antibiotics, recently much attention has been paid to extracts and biologically active compounds isolated from natural species used in herbal medicine.

The antibacterial activity of honey was first recognized in 1892, by Dustmann \[[@B4]\]. Honey has been used as a medicine in many cultures for a long time. However, it has a limited use in medicine due to lack of scientific support \[[@B5]\]. It has been rediscovered by the medical profession and it is gaining acceptance as an antibacterial treatment of topical infections resulting from burns and wounds \[[@B6]\]. It is well established that honey inhibits a broad spectrum of bacterial species. More recently, honey has been reported to have an inhibitory effect to around 60 species of bacteria including aerobes and anaerobes, Gram positives, and Gram negatives \[[@B7]\]. There are many reports of bactericidal as well as bacteriostatic activity of honey and the antibacterial properties of honey may be particularly useful against bacteria, which have developed resistance to many antibiotics \[[@B8]\].

Honey has been reported to be effective in the healing of infected postoperative wounds \[[@B9]\]. The *in vitro* antimicrobial activity of honey was reported by Radwan et al. \[[@B10]\] who observed that honey stopped the growth of *Salmonella* and *Escherichia coli*. Honey has a potent antibacterial activity and is very effective in clearing infection in wounds and protecting them from becoming infected \[[@B11]\]. Honey has been useful in the treatment of infected surgical wounds, burn wounds, and decubitus ulcers (bedsores). It maintains a moist wound environment that promotes healing, and its high viscosity helps to provide a protective barrier to prevent infection. Low concentrations of this known antiseptic are effective against infectious bacteria and can play a role in the wound healing mechanism \[[@B12]\] and in stimulation and proliferation of peripheral blood lymphocytic and phagocytic activity. In addition, the mild acidity and low-level hydrogen peroxide release assists both tissue repair and contributes to the antibacterial activity \[[@B13]\].

In general, all types of honey have high sugar content but a low water content and acidity, which prevent microbial growth. Most types of honey generate hydrogen peroxide when diluted because of the activation of the enzyme glucose oxidase, which oxidizes glucose to gluconic acid and hydrogen peroxide \[[@B14]\]. Hydrogen peroxide is the major contributor to the antimicrobial activity of honey, and the different concentrations of this compound in different honeys result in their varying antimicrobial effects \[[@B15]\]. Besides its antimicrobial properties, honey can clear infection in a number of ways, including boosting the immune system, having anti-inflammatory and antioxidant activities, and via stimulation of cell growth \[[@B16]\].

Therefore, the purpose of the present study was to evaluate *in vitro*antibacterial activity (bacteriostatic and bactericidal effect) of honey against eight different bacterial cultures such as *Staphylococcus aureus*(MTCC-737),*Bacillus subtilis*(MTCC-736),*Bacillus cereus*(MTCC-430),*Pseudomonas aeruginosa*(MTCC-731),*Escherichia coli*(MTCC-1687),*Salmonella typhi* (MTCC-531), *Enterococcus faecalis* (MTCC-439), and *Micrococcus-luteus*(MTCC-2470).

2. Materials and Methods {#sec2}
========================

2.1. Media and Chemicals {#sec2.1}
------------------------

The different media used such as Mueller Hinton Agar (MHA), Soybean Casein Digest Agar (TSA), Nutrient Agar (NA), and Soyabean Casein Digest Medium (Tryptone Soya Broth) (SCDB) were purchased from HIMEDIA, India. HPLC grade methanol (MeOH), ethyl acetate, ethanol, and dimethyl sulphoxide (DMSO), used for cleaning and extraction purposes, were purchased from Fisher Scientific (Powai, Mumbai, India). HPLC grade water was prepared in the laboratory using a Milli-Q/Milli-RO Millipore system (Milford, MA, USA).

2.2. Antibiotics {#sec2.2}
----------------

The antibiotics used included CIPROFLOXACIN: Ciprofloxacin Hydrochloride Tablets IP (500 mg) Ciplox-500, B.No. D80502, Mfg. date: February 2008, Exp. date: January 2011, Mfd. by Cipla limited; TETRACYCLINE: Tetracycline Hydrochloride Capsules IP (500 mg) Hostacycline 500. B.NO. 217292, Mfg. date-October 2007, Exp. Date: March 2009, Mfd. by, Aventis Pharma limited.

2.3. Microbial Cultures and Collection of Honey Samples by Bacterial Strains {#sec2.3}
----------------------------------------------------------------------------

A total of nine microbial cultures belonging to eight bacteria and one yeast species were used in this study. The list of microorganisms used with their pathogenicity data is presented in [Table 1](#tab1){ref-type="table"}. Microorganisms were provided by the ShriRam Institute for Industrial Research, Delhi, India. Two honey samples were taken considered as raw and processed honey, respectively. The raw honey (batch no. S-07) provided by ShriRam Institute for Industrial Research, Delhi, India and the processed honey were taken commercially.

2.4. Preparation of Crude Extract {#sec2.4}
---------------------------------

The active components of honey were extracted with methanol, ethanol, and ethyl acetate on the basis of polarity. The raw and processed honey (10 g each) was taken in two test tubes, and 25 mL of methanol was added. Later, the solution was mixed well by vortexing and centrifuged at 3000 rpm for 10 min at 25°C. The supernatant was collected from each test tube and transferred to stoppered test tube by filtrations. The resulting supernatant was evaporated to dryness with a gentle stream of nitrogen and reconstituted with 10 mL dimethyl sulphoxide and mixed well by vortexing. Same procedure was followed for raw and processed honey with ethanol and ethyl acetate.

2.5. Subculturing of Test Organisms and Preparations of the Bacterial Inoculum {#sec2.5}
------------------------------------------------------------------------------

The test organisms were taken from Microbial Type Culture Collections (MTCC) (Institute of Microbial Technology, Chandigarh) which is traceable to American Type Culture Collections (ATCC). All reference bacterial and fungal cultures were subcultured on Nutrient Agar. The bacterial slants were incubated overnight at 37°C, and the fungal slant was incubated for 48 h at 37°C.

Mcfarland density of bacterial and fungal culture was adjusted in normal saline (85%, v/v) using densitometer to achieve the final concentration of 1 × 10^8^ cfu/mL of each test organism individually. This had been used as adjusted inoculum for all the further studies.

2.6. Antimicrobial Assay {#sec2.6}
------------------------

*In vitro* antibacterial activity of honey extracts of methanol, ethanol, and ethyl acetate was evaluated using the agar well-diffusion assay \[[@B17]\]. Adjusted culture (100 *μ*L) was mixed with 100 mL of Muller Hinton Agar (MHA) and poured 25 mL each into sterile petri dishes (90 mm) this was allowed to solidify, and then individual plates were marked for the organisms inoculated. After solidification, plates were punched to make the well of 6 mm diameter with the help of sterile cork borer. Methanol, ethanol and ethyl acetate extracts (100 *μ*L each) were poured into the well in assay plates \[[@B18]\]. Plates were incubated overnight at 37°C, and all the plates were observed for the zone of inhibition; diameter of these zones were measured in millimeters by using Vernier caliper. The positive (standard antibiotics ciprofloxacin and tetracycline of 5 *μ*g/mL) and negative (DMSO, methanol, ethanol, and ethyl acetate) controls were examined by the same procedure. The solvent control revealed no activity.

2.7. Minimum Inhibitory Concentration (MIC) {#sec2.7}
-------------------------------------------

The broth dilution technique was used to ascertain the MIC of the honey samples. The test was carried out as described by Heuvelink et al. \[[@B19]\]. The methanol extracts of *E. coli, P. aeruginosa, S. typhi, B. subtilis, B. cereus,*and *M. luteus* which showed significant antibacterial activity were selected for determination of MIC. A stock solution 1000 *μ*g/mL was prepared by dissolving 5 mg of methanol extract added in 5 mL of DMSO. This was serially twofold diluted by using SCDB (Soya Bean Casein Digest Broth) to obtain various ranges of concentrations between 2500 *μ*g/mL and 312.5 *μ*g/mL. A volume of 100 *μ*g/mL of the bacterial suspension adjusted previously at concentration 10^8^ CFU/mL was added, and an additional tube containing broth only was used as a negative control. All the test tubes and control were incubated at 37°C for 18--24 h. After the period of incubation, the tube containing the least concentration of extracts showing no visible growth was considered as MIC \[[@B20]\].

2.8. Minimum Bactericidal Concentration (MBC) {#sec2.8}
---------------------------------------------

From the tubes showing no visible sign of growth/turbidity in MIC determination, test microorganisms were inoculated onto sterile nutrient agar plates by streak plate method. The plates were then incubated at 37°C for 24 h. The least concentration that did not show growth of test organisms was considered as the MBC.

3. Results and Discussion {#sec3}
=========================

3.1. Antibacterial Susceptibility Testing {#sec3.1}
-----------------------------------------

Tables [2](#tab2){ref-type="table"} and [3](#tab3){ref-type="table"} show the results of *in vitro* susceptibility of the extracts of raw and processed honey having varying degree of antibacterial activity against Gram-positive as well as Gram-negative bacteria using methanol, ethanol, and ethyl acetate. These might be due to the osmotic effect, the effect of pH, and the sensitivity of these organisms to hydrogen peroxide which are unsuitable for bacterial growth, represented as an "inhibition" factor in honey \[[@B21]\]. Major variations seen in overall antibacterial activity were due to changes in the level of hydrogen peroxide achieved and in some cases to the level of nonperoxide factors. The content of nonperoxide factors was obviously related to the floral source and sometimes accounted for the major part of the antibacterial activity in honey \[[@B22]\]. However, hydrogen peroxide concentration produced in honey was typically around 1 mmol/L \[[@B15]\], about 1000 times less than 3% solution commonly used as an antiseptic. The harmful effects of hydrogen peroxide were further reduced as honey sequesters and inactivates free iron which catalyzes the formation of oxygen free radicals produced by hydrogen peroxide \[[@B23]\], and its antioxidant components help to mop up oxygen free radicals \[[@B24]\].

Both raw and processed honey showed the inhibitory effects which were inherent mostly in all selected test organisms except *E. faecalis*. Further study by Basualdo et al. \[[@B25]\] also revealed the same results. *S. typhi, P.aeruginosa,* and*E. coli*showed significant antibacterial activity with the ZOI range between 37.94 mm and 13.94 mm. The significant activity may be due to the property of honey which has higher level of hydrogen peroxide along with osmolarity. Also, methanol extracts showed that maximum ZOI between the ranges 37.94 and 8.13 mm refer to all test organisms ((*Staphylococcus aureus*(MTCC-737),*Bacillus subtilis*(MTCC-736),*Bacillus cereus*(MTCC-430),*Pseudomonas aeruginosa*(MTCC-731),*Escherichia coli*(MTCC-1687),*Salmonella typhi* (MTCC-531), *Enterococcus faecalis* (MTCC-439), and *Micrococcus-luteus*(MTCC-2470)). Any zone having diameter less than 7 mm showed that the microorganisms were resistant to the honey sample. However, zone diameter greater than 11 mm suggested that the microorganism was sensitive to the honey sample \[[@B26]\]. The Gram-negative bacteria showed increased inhibition except *E. faecalis*as compared to Gram-positive bacteria. AI-Namma, \[[@B27]\] also observed that honey has a greater inhibitory effect on Gram-negative bacteria.*S.* *typhi, P.aeruginosa,* and*E. coli*are more susceptible than other test organisms, and honey may have potential as therapeutic honeys.

The inhibitory activity against test microorganisms is of interest because these organisms cause infection. The methanol extracts showed highest activity on test organism as compared to ethanol and ethyl acetate. This may be due to better solubility and polarity of the active components in methanol compared to ethanol and ethyl acetate. If such components are present in these raw and processed honey extracts, they could be used for the management of ailments caused by these pathogenic bacteria and give impressive results which could only be determined *in vivo*.

Results in [Table 3](#tab3){ref-type="table"} also showed that test organisms exhibited varying degrees of multidrug resistance of standard antibiotics used in this study. The test organisms used in this study were resistant to ciprofloxacin, and tetracycline 5 *μ*g/mL with the methanol, ethanol, and ethyl acetate extracts showed positive results with the ZOI ranges between 14.75--27.01 mm. The results showed that all positive controls had ZOI higher than 11 mm causing sensitivity to microorganisms. When comparing ZOI values of positive control with raw honey extracts ([Table 2](#tab2){ref-type="table"}), it was observed that most of the extracts showed ZOI value more than 11 mm. However, when compared to antibacterial activity of the methanol, ethanol, and ethyl acetate extracts, it was observed that the inhibitory activity of the extracts of *E. coli, S. typhi*, and *P. aeruginosa* (Gram negative) was greater than those of standard antibiotics, ciprofloxacin and tetracycline. Even tetracycline did not show any inhibitory activity against *P. aeruginosa*which is shown by the extracts; this may be explained by the fact that tetracycline showed lower ZOI (11.68 mm (raw honey) and 11.03 mm (processed honey) with *P. aeruginosa.* The results were in agreement with Subrahmanyam et al. \[[@B28]\] who showed that strains of *P. aeruginosa*were resistant to routinely used and higher antibiotics were sensitive to the antibacterial action of honey. Methanol extracts showed greater activity than standard antibiotics. Its potency was comparable to that of standard antibiotics. These results also suggested that the honey samples used contain biocomponents whose antibacterial activities are highly comparable with those of the two regular antibiotics (tetracycline and ciprofloxacin).

3.2. Effects of Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentration (MBC) {#sec3.2}
----------------------------------------------------------------------------------------------------

Minimum inhibitory concentrations (MIC) for the active extract was determined by macrodilution method. Results in Tables [4](#tab4){ref-type="table"} and [5](#tab5){ref-type="table"} showed that the MIC values for five test organisms, such as *B. subtilis*, *M. luteus*, *E. coli*, *P. aeruginosa*, and *S. typhi*, were 625 *μ*g/mL. The MIC value indicates the inhibitory concentration at which honey showed no visible growth of any test organisms.

The MBC value of both honey samples was in the range 625--2500 *μ*g/mL. [Table 4](#tab4){ref-type="table"} showed that MBC values for *S. typhi, P. aeruginosa, E. coli, M. luteus, B. cereus*and*B. subtilis* were 1250 *μ*g/mL, 1250 *μ*g/mL, 2500 *μ*g/mL, 1250 *μ*g/mL, 625 *μ*g/mL, and 625 *μ*g/mL, respectively, in the case of raw honey. [Table 5](#tab5){ref-type="table"} showed that the MBCs values of processed honey for *S. typhi, P. aeruginosa, E. coli, M.luteus, B. cereus,*and*B. subtilis* were 2500 *μ*g/mL, 1250 *μ*g/mL, 2500 *μ*g/mL, 1250 *μ*g/mL, 1250 *μ*g/mL, and 2500 *μ*g/mL, respectively. When a ratio between MBC processed to MBC raw honey was considered, a higher ratio of 4 was observed for *E. coli*. Based on these studies, it was observed that methanol extract has a stronger and broad spectrum of antibacterial activities. Earlier studies have reported better and strong antibacterial activities with ethyl acetate extract, but in the present study methanol extract showed better and maximum inhibitory activity as compared to ethanol and ethyl acetate extracts, respectively. This may be due to different polarity of raw and processed honey and also because of better solubility of methanol as compared to ethanol and ethyl acetate.

Among all the extracts analyzed in this paper, the methanol extract was the most effective as an antibacterial agent. Concerning variation in antibacterial activity in almost all reports on the medical use of honey as an antibacterial agent, no consideration is given to the selection of type of honey for therapeutic use. Honey as natural antibiotic can be used to cure infections as a substitute to conventional drugs.

4. Conclusion {#sec4}
=============

The present study concluded that honey has both bacteriostatic as well as bactericidal activity against many pathogens. Honey samples of methanol extracts resulted in a broad spectrum of antibacterial activity. The study showed that honey, a kin to antibiotics, possesses certain organisms sensitive to it and provides alternative therapy against certain bacteria. Therefore, there is need to characterize the active components of honey extracts and encourage to investigate possible benefits of the use of honey among therapies in the treatment of bacterial infections.
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ZOI:

:   Zone of inhibition

MIC:

:   Minimum inhibitory concentrations

MBC:

:   Minimum bactericidal concentration

MHA:

:   Mueller hinton agar

TSA:

:   Soyabean casein digest agar

NA:

:   Nutrient agar

SCDB:

:   Soya bean casein digest broth

DMSO:

:   Dimethyl sulphoxide.

###### 

List of microorganisms used with their pathogenicity and Gram reaction.

  Name of organism          MTCC no.   ATCC no.   NCTC no.   Pathogenicity   Gram reaction
  ------------------------- ---------- ---------- ---------- --------------- ---------------
  *Staphylococcusaureus*    737        6538       7447       Nonpathogenic   Gram-positive
  *Bacillussubtilis*        736        6633       ---        Pathogenic      Gram positive
  *Bacilluscereus*          430        11778      10320      Nonpathogenic   Gram positive
  *Pseudomonasaeruginosa*   741        25668      10662      Nonpathogenic   Gram negative
  *Escherichiacoli*         1687       8739       ---        Nonpathogenic   Gram negative
  *Salmonellatyphi*         531        6539       ---        Nonpathogenic   Gram negative
  *Micrococcus luteus*      2470       ---        ---        Nonpathogenic   Gram positive
  *Enterococcusfaecalis*    439        ---        ---        Pathogenic      Gram positive

###### 

Antimicrobial susceptibility of raw honey.

                            Antibacterial activity (zone of inhibition in mm)                                           
  ------------------------- --------------------------------------------------- ------------ ----------- -------------- --------------
                                                                                                                        
  *S. aureus*MTCC-737       8.58 ± 3                                            8.9 ± 5      9.15 ± 1    14.75 ± 0.9    26.44 ± 5.2
  *B. cereus*MTCC-430       11.11 ± 6                                           12.83 ± 9    11.46 ± 7   16.67 ± 2.2    17.01 ± 0.81
  *B. subtilis*MTCC-736     8.55 ± 2                                            nd           11.19 ± 9   19.01 ± 2      21.01 ± 3.2
  *M. luteus*MTCC-2470      11.21 ± 10                                          9.97 ± 2     10.77 ± 4   23.85 ± 0.4    19.11 ± 1.6
  *S. typhi*MTCC-531        34.39 ± 4                                           31.85 ± 3    nd          14.75 ± 1.7    26.96 ± 4.3
  *E. coli*MTCC-1687        26.49 ± 6                                           17.51 ± 5    17.15 ± 4   16.67 ± 3.5    16.03 ± 0.49
  *P.aeruginosa MTCC-741*   35.95 ± 11                                          32.35 ± 14   13.09 ± 9   19.01 ± 0.83   11.68 ± 0.03
  *E. faecalis* MTCC-439    nd                                                  nd           nd          nd             nd

± refers to standard error, nd: not detected.

###### 

Antimicrobial susceptibility of processed honey.

                            Antibacterial activity (zone of inhibition in mm)                                               
  ------------------------- --------------------------------------------------- -------------- -------------- ------------- --------------
  *S.aureus*MTCC-737        11.54 ± 2.1                                         nd             9.15 ± 3.8     14.75 ± 1.0   26.44 ± 1.7
  *B.cereus*MTCC-430        23.70 ± 1                                           6.94 ± 1.4     nd             16.67 ± 1.8   17.01 ± 4.2
  *B.subtilis*MTCC-736      nd                                                  7.83 ± 5.5     7.25 ± 2.3     19.01 ± 4.3   21.01 ± 6.1
  *M.luteus*MTCC-2470       18.52 ± 2.1                                         nd             nd             23.85 ± 0.9   nd
  *S.typhi*MTCC-531         37.94 ± 11.7                                        35.92 ± 13.2   36.58 ± 7.9    14.75 ± 3.1   26.96 ± 0.9
  *E.coli*MTCC-1687         28.49 ± 5.1                                         16.14 ± 7.3    17.75 ± 11.2   16.67 ± 0.9   16.03 ± 1.1
  *P.aeruginosa MTCC-741*   33.40 ± 5                                           23.43 ± 14.1   24.60 ± 13.5   19.01 ± 1.7   11.03 ± 0.51
  *E.faecalis* MTCC-439     8.13 ± 1.7                                          nd             nd             nd            nd

± refers-standard error, nd: not detected.

###### 

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of raw honey methanol extract.

                  Test organisms                                                  
  --------------- ---------------- ----------- ----------- ----------- ---------- -----------
  MIC (*μ*g/mL)   625 ± 17         625 ± 23    625 ± 37    625 ± 19    625 ± 8    625 ± 11
  MBC (*μ*g/mL)   625 ± 23         2500 ± 11   1250 ± 14   1250 ± 27   625 ± 23   1250 ± 32

± refers-standard error.

###### 

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of processed honey methanol extract.

                  Test organisms                                                  
  --------------- ---------------- ----------- ----------- ----------- ---------- ----------
  MIC (*μ*g/mL)   625 ± 38         625 ± 9     625 ± 7     625 ± 11    625 ± 17   625 ± 6
  MBC (*μ*g/mL)   2500 ± 12        2500 ± 16   1250 ± 21   2500 ± 18   1250 ± 6   1250 ± 9

± refers-standard error.
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